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SPECIFICATION 

1. TITLE OF THE INVENTION 

METHOD FOR MANUFACTURING COLLAGEN SPONGE 

2. WHAT IS CLAIMED IS; 

l.A method for manufacturing a collagen sponge by 
f reeze-drying a collagen solution, wherein an organic solvent 
that is compatible with water is added to the collagen solution. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[Field of the Invention] 

This invention relates to a method for manufacturing a 
collagen sponge, and particularly, relates to a method for 
manufacturing sponge-like collagen to be used as an artificial 
skin, a hemostatic agent, or a culturing substrate for 
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high-density cell culturing, etc. 
[Prior Arts] 

Collagen is a protein of extremely high biocompatibility . 
It is thus used widely in medical fields, especially in surgical 
applications, and is also a material that is being noted in 
culturing fields. As one form of a formed object of collagen, 
there is a porous collagen sponge that has minute pores. This 
collagen sponge is used in applications such as those mentioned 
above, that is, as an artificial skin, a hemostatic agent, etc., 
in medical fields or as a cell culturing substrate, etc., in 
culturing fields. 

For a collagen sponge to be used as an artificial skin or 
a cell culturing substrate, cells must be able to penetrate 
and proliferate satisfactorily in the sponge. Because such 
penetration and proliferation of cells is largely influenced 
by the porosity of the substrate or the sizes and uniformity 
of pores, etc., it is important to have good control of such 
properties of pores in manufacturing a collagen sponge. 

As a conventional method for manufacturing a collagen sponge, 
a method of f reeze-drying a collagen solution is generally 
employed. With this f reeze-drying method, water in the solution 
freezes, forming minute crystals of ice between collagen fibers, 
and by voids of sizes corresponding to the above-mentioned 
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crystals being left after disappearance of the ice crystals 
by drying, a porous collagen sponge is obtained. 

It is known that with the above-described f reeze-drying 
method, the sizes of the pores of the collagen sponge vary 
according to the rate and temperature of freezing, the collagen 
concentration of the collagen solution, etc. For example, the 
pore size is proportional to the freezing temperature and is 
inversely proportional to the collagen concentration and 
freezing rate. It is also known that it is preferable to freeze 
rapidly to obtain a uniform collagen sponge. There is thus a 
method of performing f reeze-drying, in which a collagen 
solution is frozen rapidly in liquid nitrogen to obtain a 
collagen sponge with minute, uniform pores . 
[Problems to be Solved by the Invention] 

Of the above-described conventional f reeze-drying methods, 
with the method in which the collagen solution is frozen 
comparatively slowly in a normal freezer, though the 
manufacturing process is simple, the ice crystals that form 
in the freezing process tend to be non-uniform in size and a 
collagen sponge with uniform pores cannot be obtained. With 
the method of freezing rapidly at an ultralow temperature, such 
as that of liquid nitrogen, because the ice crystals are formed 
to comparatively uniform size, a collagen sponge with uniform 
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pore size can be obtained. However, with this method, because 
freezing is carried out extremely rapidly, it is difficult to 
control the pore sizes by adjusting the freezing rate, and a 
collagen sponge with pores of sizes that suit a purpose cannot 
be obtained. 

An object of this invention is thus to provide a collagen 
sponge manufacturing method, with which a collagen sponge with 
uniform pores can be obtained and the sizes of the pores can 
be controlled readily. 
[Means for Solving the Problems] 

A collagen sponge manufacturing method according to this 
invention that achieves the above object is a method for 
manufacturing a collagen sponge by frieze-drying a collagen 
solution, and with this method, an organic solvent that is 
compatible with water is added to the collagen solution. 

As with the material of a normal collagen sponge, the 
collagen solution is prepared by dispersing or dissolving 
collagen, manufactured from animal bone, skin, etc., as the 
raw material, and specifically, besides a general collagen 
fiber dispersion, an acid-soluble collagen, an enzyme- 
solubilized collagen, or alkali-solubilized collagen, 
obtained by a normal method from the above-mentioned raw 
material, or a chemically modified collagen solution of any 
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of the above solubilized collagens, a regenerated collagen 
dispersion, with which collagen fibers are regenerated from 
a solubilized collagen solution, or any of other various 
collagen solutions can be used freely. 

The collagen concentration in the collagen solution, at the 
stage at which the organic solvent, etc. , to be described later 
have been blended and the solution is ready to be used, in the 
freeze-drying step, is preferably approximately 0.1 to 5 
weight % and more preferably approximately 0.1 to 2 weight %. 
When the collagen concentration is less than 0.1 weight %, the 
texture of the sponge that is manufactured becomes rough and 
thus weaker in strength, and a uniform sponge cannot be obtained. 
In the excess of 5 weight %, the viscosity of the collagen 
solution becomes too high and because the organic solvent 
cannot be stirringly mixed uniformly, the sponge that is 
manufactured becomes non-uniform and poor in molding 
properties in a process of freeze-drying upon molding the 
collagen solution to a desired product shape. 

The pH of the collagen solution is not restricted in 
particular, and it is sufficient that the pH be in a range in 
which any of the various collagen solutions mentioned above 
can be maintained in a uniform state. 

The organic solvent that is compatible with water is added 
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to the collagen solution described above. Among various organic 
solvents used for normal chemical processes, an organic solvent 
that can be mixed uniformly with the collagen solution and is 
compatible with water is used as the organic solvent. As 
specific examples that are preferable, ethanol, methanol, 
acetone, and other volatile solvents can be cited. By adjusting 
the added amount of the organic solvent, the sizes of the pores 
of the collagen sponge can be controlled. Though the specific 
added amount of the organic solvent differs according to the 
type of the organic solvent, approximately 3 to 30 weight % 
of the organic solvent is made to be contained in the entire 
collagen solution to be f reeze-dried, and for example, in the 
case of methanol, etc., the added amount is preferably set in 
a range of approximately 5 to 10 weight %. When the organic 
solvent content is too low, the effects. of making the pores 
of the sponge uniform, etc., cannot be exhibited adequately, 
and when the organic solvent content is too high, the collagen 
solution does not freeze well and a sponge of uniform texture 
cannot be obtained. 

Though the relationship between the added amount of the 
organic solvent and the pore diameter differs according to the 
combination of the organic solvent and collagen solution used, 
in general, in a range of low added amount of the organic solvent, 
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the pore diameter decreases as the added amount of the organic 
solvent increases, and when the added amount becomes equal to 
or greater than a certain amount, the pore diameter increases 
as the added amount of the organic solvent is increased. Thus, 
by appropriately adjusting the added amount of the organic 
solvent, the pore diameter can be set to the minimum. 
Specifically, with the above-mentioned methanol, etc_. , when 
the added amount is in a range of 5 to 10 weight %, the pore 
diameter decreases as the added amount increases and becomes 
minimum at approximately 10 weight %, and when the added amount 
increases further beyond 10 weight %, the pore diameter 
increases again. 

In addition to the above-described organic solvent 
compatible with water, any of various additives that are 
employed in known arts for manufacturing a collagen sponge can 
be added to the collagen solution. For example, by adding a 
mucopolysaccharide, the biocompatibility is improved. 

The intended collagen sponge is then obtained by 
freeze-drying the collagen solution thus prepared by the same 
process as that of a normal collagen sponge manufacturing 
method. 
[Action] 

With the f teeze-drying method of manufacturing a collagen 
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sponge, the sizes of the pores of the manufactured collagen 
sponge differ according to the sizes of the ice crystals that 
are formed when the collagen solution is frozen. It is 
considered that due to the presence of an appropriate amount 
of the water-compatible organic solvent in the collagen 
solution, excessive growth of ice crystals in the freezing 
process is suppressed and the pores of the collagen sponge are 
made uniform in size. Also, though in a case where the collagen 
solution is frozen in a tray, etc. , because within the collagen 
solution, the liquid level surface and the surfaces in contact 
with wall surfaces of the tray differ in freezing rate and thus 
differ in the growth rate of ice crystals and consequently in 
the sponge pore size, it is considered that the presence of 
the water-compatible organic solvent provides the action of 
enabling the freezing rate of the entire solution, from the 
top surface of the collagen solution to the surfaces in contact 
with the tray, to be averaged out and consequently enable the 
sponge to be made uniform in pore size. 
[Examples] 

The collagen sponge manufacturing method according to this 
invention shall now be described by way of specific examples. 
- Example 1 - 

First, a collagen solution was prepared. A raw material, 
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obtained by depilating and chopping fresh pig hide and then 
performing refining by washing and defatting by common 
procedures, was subject to enzyme treatment and refinement by 
normal methods using pepsin to prepare enzyme-solubilized 
collagen, and thereafter using this collagen, a hydrochloric 
acid solution, with a pH of 2.2, was prepared in a manner such 
that the collagen concentration became 0.75 weight % in_a state 
in which an organic solvent to be described below was added. 

To this collagen solution, methanol was added, as the organic 
solvent compatible with water, at an amount such that the 
concentration thereof was 7 weight % of the entire collagen 
solution and mixing uniformly was performed. After deaerating 
this collagen solution, the collagen solution was pouredinto 
a tray and frozen. After then, performing a normal freeze- 
drying process, a sheet-form collagen sponge was obtained. The 
collagen sponge sheet thus obtained had a thickness of 3mm. 
The pore diameters, measured by observation by an electron 
microscope, were 40 to 120|im and 80|nm on the average at a top 
surface of the sheet (surface in contact with air, the same 
applies to measurement results that follow) and 30 to 80jam and 
60(im on the average at a rear surface of the sheet. 

With a collagen sponge sheet of a Comparative Example 1, 
manufactured by exactly the same method as that of the Example 
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1 with the exception of not adding methanol, the thickness was 
3mm and the pore diameters were 10 to 180(im and 70(im on the 
average at the top surface of the sheet and 5 to 140|im and 35\xm 
on the average at the rear surface of the sheet. 

A comparison of the Comparative Example 1 and the Example 
1 shows that with the Example 1 , the variation of pore diameters 
is significantly smaller and, it was thus verified that the 
collagen sponge sheet can be made uniform in pore diameter by 
the manufacturing method according to' this invention. 

- Example' 2 - 

A caustic soda solution was added to a collagen raw material 
solution, obtained by the same method as that of Example 1, 
to adjust the pH to 7 . 4 . After adding methanol to this collagen 
solution and adjusting the collagen concentration so that with 
the collagen solution at the final stage, the. methanol 
concentration was 7 weight % and the collagen concentration 
was 0.75 weight %, the collagen fibers were broken up and 
dispersed uniformly by a homogenizer. 

After deaerating the collagen solution, f reeze-drying was 
performed by the same method as that of the Example 1 to obtain 
a collagen sponge sheet. The collagen sponge sheet thus 
obtained had a thickness of 3mm. The pore diameters, measured 
by observation by an electron microscope, were 20 to lOOfim and 
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55^im on the average at the top surface of the sheet, 30 to 90|im 
and 50|xm on the average at the rear surface of the sheet, and 
the average pore diameter of the entirety was SO^im. 

With a collagen sponge sheet of a Comparative Example 2, 
manufactured by exactly the same method as that of the Example 
2 with the exception of not adding methanol, the thickness was 
3mm, the pore diameters were 20 to 230|xm and 70|im on the average 
at the top surface of the sheet, 10 to 115^m and 40(im on the 
average at the rear surface of the sheet, and the average pore 
diameter of the entirety was 55[im. 

These results show that the variation of the pore diameters 
at the top surface and the rear surface of the sheet and the 
difference of the pore\diameters between the top surface and 
the rear surface of the sheet were both significantly lower 
with the Example 2 and the average pore diameter of the entire 
sheet was lower with the Example 2. 
[Effects of the Invention] 

With the collagen sponge manufacturing method according to 
this invention described above, by adding an organic solvent 
that is compatible with water to a collagen solution, the pores 
of a collagen sponge obtained by f reeze-drying can be made 
uniform and a collagen sponge favorable for medical use, 
culturing applications, etc., can be manufactured. In 
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particular, because the size of the pores of the collagen sponge 
can be controlled readily by the added amount of the organic 
solvent, a collagen sponge of optimal pore size can be 
manufactured according to purpose. Thus, for example, a 
collagen sponge that is optimal as a cell culturing 
microsubstrate, with which the porosity and pore size must be 
controlled accurately, can be provided. 
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